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Bondability of two kinds of Al-Si thin film in thermosonic gold wire bonding is exam- 
ined by the use of Push Test Process (micro shear test). One is formed by sputtering 
Al-2% Si alloy, and the other is made by successive layers method, in which 0.05 /xcr\ thick 
Poly- Si layer is deposited on SiO* by chemical vapor deposition (CVD) and 1.2/mi thick A1 
layer is evaporated on them. 

After heat treatment (450t2 x 30 min), crystallization of Si in Al-Si film is found. Grain 
size of crystallized Si affects thermosonic wire bondability. That is, in case of Al-2 % Si 
sputtered film, good bondability is obtained under relatively small (1.0/on) grain size condition. 
While in successive layers process, grain size of crystallized Si varies according to Poly- 
Si CVD temperature. Optimum CVD temperature is determined from the standpoint of 
bondability which corresponds to grain size. 


i . uutotz 

¥9 OUT I C £»&•*-) t*t£ I C 

m+vrmmmt, k «**> 

cnii i c±<o *>■?'< > 

K £C 7)7 

5 - 7 &m&±lZfem5t*n~-S0tm<7)±m& 

'f-V.-KVT'.f V X|± I 

7 -i -ViK 

vf'-f > mt&lfil 


LTtfccDJ: 9 o 

©1 Oc0 7-f 

©I C S ® l- -te It £ -T > T -f y KffiW 

©g Sj«cos» a n « t&m<nfo± 

iu±co<fc 9 i c*aix 

Ht±^:c7) X 9 

(lEEIWMIJ<o«» 

— UStICAu-Al 7 nJXJfcT'.SiJSl® 

& f# 4 5 * U UJ±& b$ M i± ft v » li if W 


* ZSISKSi) (T 664 mftrmtig 4 - 1 ) 

Mitsubishi Electric Corporation( 4- 1, Mizuhara, Itami 664, Japan) 

*♦ *) (T 661 /Eltrffifttff**?*! f80) 

Mitsubishi Electric Corporation(80, Nakano, Minamishimizu, Amagasaki 661, Japan) 


- 173 - 


'sriz*trtZAi-si,jtmmmm<n#>r< >ri 4 wu • s-h • #«* • ab> 



1. Si Substrate 2 SiO> 

3. Ai Lead 4. Bonding Rad 
5. Contact 


Fig. 2 Cross sectional illustration of IC chip. 

> 9 7 hSPCO v -V > 7 

> a > is £ t±?5 < r i 4 h 4 o V \'y 7 

a ViSStiMO SSI c<7)i#-g-, l/anflSt** 

£<, n > ? 7 h^t»CDAl-Si£l£A''rSt4T‘£>4 
AL, P-N#te**«£«S 

ft 4 C t tfh -So 

4**12, Aiaei(ii2tWfeora%iaT«»*» 
Si&j3$;&Q-r4o Si^JP<7?^l2l±^S'Ji--5 t , 
Al-SiSHSr 1 Si*«fctfAl 

* *«**«!« t in il 4 

oTP/r£<7>«®COAl-Sil«£^fS1-4 2 

<n2mmtf*>Zo 

Ai-Sifll^sKiico ifft&JUffli* 4 *‘ii, 3 ^ 
i: ioTi^ot < 4 0 

jut* ft^ft* Ai-siiwiMtttfctBNtii-iJWi 
t4 = 

(i)Al-Si l ($*&) 

LTA1. Si£53'J* ft 
ffl*t3 2«fSi, **i(l=Al-Si^± 
tttfflt4^4i**tttil , *4. 
»oi»-§-i±&< aenri'i.): 
Si< 25 ?R^UE^* 4 **U^BKSn 4 WS»< 2 ) 


< 4 £<-> -5IS:t8rW$*:figa**>4o 

*IUMjW 8£1-4, ffi 

■oX ZZ ftl£^* 36 iF 1 

(H)Ai-si i (x /<7 * y >^as) 

&*-?*'<•? ? 'J v*'’&« 4 **iz, i£*& 
ft 4 Cl t * f -C $ -5 o f 

4£, Al®^-w¥i§&Sff®&ffl!*.4CtJ&f 
t i §4*X)i:, t h 0 < , seaoft 

ie^D 3 i£ia 5 T'co y 
U*Afc Will -*-4 ££**-?* 4fiP/f^*4. 
(iii)Al- Si 2 )§^5£(Poly-SiTf)c2)i&) 

LX 2 mmi^^.t^o Z<n&, MSAJCrSS: 
gr 2 ? css^ft ^. 0 2 mm&t 

^?il±T¥ Si £ CVD (Chemical Vapor 
Deposition) ft<fc*l)££ 6 )c'i~ 4 t>( 7 >’t l ^> 4 o w 

£LT$ii£T'§ 4 Poly-SifflS<7>*'Hf 1*0.05 
;um(500A)*I*T-*4 o **Poly-SiT»2 
HWa^Sftli, ftTWBti' 4 <* 9 ftAl-Si 
BU&titMatt—ki.' i MH*** ■So 

lU-hco 3 «s<7)Ai- Si 7 *>xm 

7.y<y7 l ) 

> 7 &, Poly-SiT«t 2 S?ic 7 ) 2 a^^O*it' 

7 4 -V.-KV Ktttrffflii- 4 . 

3 . > 7 < >' 9 r a*«fc^-K>-r< 

3.1 7 >f tHOff v Xii 

rHXtf'sri > 7 r£t lxii.& : &i&M&* 

Thermosonic Wire Bonding) £ ^ 
*o dC 7 ^^l±a:fi 25 ^mCDAu^$rd<- ^ i: 
is® L *«**-?* tKf'Jf 
ftj;9, Au*'-^$rAl SI±(CJ¥S 
#) 6 Q K Hz CO $3 W teM «I Sr SD x. T * i 


- 175 - 




*4# *4^(1978^7^) 


* 3. 

(DThZo mkii, Zt 

AuAl#<Offi£i£ft ££# 1 :: ft* 
iiaS(i300 , Cia±T*-5^fe, 300t! lUTOlg; 
£STC0^>7'^ v ^co&5(it£Al?WIlco^® 
<0l4K*''*# 47 T ? *- t $ Zo 
nA^K'si’i V ycn&ft'ty * - ■? t ir 
i£, a*, sr*. a**.****-, j£*a#Ra, 
* fcjtf-JHM X5 Ztfhitf, ±3tt 

bC0''°7 j< - ?CD -7 *.T*J£*B#H $r0. 1 8>, ^ 
*K->HM X£75/mi0, Sf*65g cBSLT* 
Sfc&fTo/io 

3.2 ^+>7’Ji' 

> 7'A' t LTI±Si7a.y'±li£AgHtas 
f llj; r)SiO,m£Ml&fe, ^C(-^-f «fc 0 & 
| *AIft3*affe«Lfc. 

t’/rfl'I (MAl)o Si 7i''_hll**fcAl 

&1.2//m2MlF-*--5o CttliAl- 
SiHiWifciatlBH>* 0 

-+ > 7*JI/ n (X'<7*II) Al-2%Si £■ 

t^l.2/inXAy 3'f'^-t-So 

-tfV^lUin ( Poly- Si Tf!C 2 ) Poly 

- Si &CVD?£-C500A^fi£f£, 

A 1 £1.2 /tm t 5o C<75B#C7> 

*&fi£J£(£fcJ:£Al-5%Si Ht@ 

s-ra o 

-fi'7'JHi450‘C, 30*c7)in 
JHMWSifr Al- Si£lS£IS:: Js-ttio 

3.3 .-tf>7'-f V^t4c0l?{l 
§- -f > y ;u CO Al- S i Kl£> Sr SI3E+ -5 * to ti jR 

*H£V V«8t*i-yf-V^LTAlSrKt£L*« 
S»r»fcSitta, «J*fc«*Lfc 0 'Jkr~&*t>-7 
^ £ StS»Ef 7 4 t-f > r'< 
/S^gpCO?S*$riB!l^-f -5/w*cy-y -> j. f X h 
Ms" l=J:g*^<0WW3S*£angL*o :: 

(Cffli.^cT'-y vif-x h?it±Au--K-^i^lfJBI 
w#-£® ic^tf 4 * Sr in x &m-r 

z&m.zmiTZ-rzn&Tbz,', sHfcufl &&&-? 

fc. 

4 . AI-Si£j£#S0)tS3Slg£ 


Ai-si»JH£ >; r-r^iagip 

II 4* CO A 1 ;!>* ?g 1 ■ t T 4*c L S i *8? * o C CO o fz 

= i:«fc OAl-SiKl&tKJg 

ZZ t 

4.1 ^y<-y^SI<7)J#-&- 

Al£i7^>^L£»W*m£Fig.3 ll^-f 0 
Si^li*# £ ri^l /ant*. *S^-5J-*fJffiJgli5.8 
xiO'm/cm’Th irf, 4fV7’;up*}-r > t&—u5- 
ffiin>'5ciA { h!)'5o 



Fig. 3 Photomicrograph of Al-2% Si sputtered 
film after chemical etching 
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AS DEPOSITED 


AFTER SINTERING ( 450°C 30 min ) 


POLY Si CVD 
TEMPERATURE 
600 °C 


Fig. 5 Cross sectional illustrations of Al-Si film 
formed by successive layers process. 


Fig. 4 Photomicrographs of A1 -Si film formed 
by successive layers process after 
chemical etching. 

4— ( 1 ) In case of Poly- Si CVD temperature 
600O 

4— ( 2) In case of Poly- Si CVD temperature 
630*0 

4- (3) In case of Poly- Si CVD temperature 
6500 
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GRAIN SIZE 


Fig. 6 Effect of Poly- Si CVD temperature on 

grain size and density of crystallized Si 
in Al-Si film formed by successive layers 
process. 
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Fig- 7 Effect of ultrasonic energy on bonding 
shear strength. 

Bonding Conditions. 

Bonding Time. O.lsec 
Bonding Force, 65g 
Bonding Temperature, 25013 


<7>*§£-!±, @#?&4c*;b^<7){gv 

fc&AU-f.fctl'Poly- 
SiTS£2 rmmm'&J; 0 ; K 

vf'-f v 5oTi>5o Hi; piffle 

«fe3tf-l- 4 i * ;u ^50 m wco^ ft i; fe t+ 

>? , a8iit>7'inn-i, in — 2 

liMAJJjfScoit-g-J: 0 £ ft-f ft¥i£$3>*T* 7 g, 
15 g IS < & otl> -5 C t tfbfi'Zc -f*i.bi~> 
Poly-SiT«!t2^BScoi8^;±a-)RSit4^-co^:§ 

5 0 

5.2 rKVf'T >#5iJ«(7),-K>f'-f 
<R#t£ 

Fig. 8 |; ,-tf > f' -f > > f' -f > #;£ 

C1C-CI±I2#^4c^;u^^50 
mW-ti:LTi>5o #&AlS*£*/<-y 

*£fi 4 <->**, £fl£lft!-Poly-Si Ttfc 2 /§«*,?□ 
i±.-K>f'-f > *'*!£< 5oti' -5 0 



Fig. 8 Effect of bonding temperature on bonding 
shear strength. 

Bonding Conditions. 

Bonding Time, O.lsec 
Bonding Force, 65g 
Ultrasonic Energy, 50mW 

£ fz Fig. 7 CDlg-gr&.i * >b*'70 m W T> 

Hmt Fig. 8 (Db'yr-f > #*SJ£33 012 <7)«i£- 

b , $&& ?AJKUE*& I; J: 0 *' > r f > ?}£.« 
it £*<50 300iCM±fi'C>frZn{&TiHt1 iz 
t tfbA'Z o 

5.3 7 4 •v^v-r'-f > #3 hJ8IScd*&?5? 


- 178 - 


• ftaMss-id e**/± **>-?'< > -sAi-si zitikmwmntrsri (<t»ni • sh • #«* • aa> 

.Fig. 7 (OStiil n, 


^sgco * *£ij»t L * AlJ0|£ffi<7)*UR£ Fig. 9 1: 
^•fo Zti£%.Z £ Al /£&■&#- ^t-W 1-3 n 
c>ntz&ftwwA,-rttn, Ga^owHuiiAia* 
so±oti>TAii^s < ga&a&Lrm 

Z t rffrfrio Fig. 9-(2;(±X/< -J ^HcO^-g-cT) 
mm&ThZtf, ClC-eiiiWAlBIlCO «fc 7 

iS2ttlC^(±l5to t> #i£i,-» 0 ccoc i 75>b 
v yj*ii*fiAlg*i 0 «**»*«,» fcJHBf-C* -So 




Fig. 9 Example of photomicrograph of bond lift 
off pattern. 

9— ( 1 ) Bond lift off pattern on pure A1 film. 
9-(2) Bond lift off pattern on Al-2% Si 
sputtered film. 
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